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Preliminary CASTLE Report* 
Objectives and Preparation for Tasts 


7m accordance with AFOAT=1 Project Authorization A/419/0Bs the 


entrar Radto-Psopazgation. Laboratory-prepared-tor-and~conduoted: ¢ dieotros } 
eet Mate wey ott 
magnetic moamurenents, during Operation CASTLE, The major tasks undertaken, = i 


ne s_wuthorizatiog aro_outlinad. belowe : 


(1) Stendura sonitoring equipment for use by the CAPL and other agencies 


during CASTLE was designed and sonstructed, >) The following reports, which 
describe this equipment, ite operation calibration, were prepared and 
distributed to the participating s ec. 

a) “Equipment for Eleotronagnetic Measurements to be Made by 
CHPL during CASTL3", / 

b) “Hotes on the Calibration and Operation of the CRPL Equipment 


to be used at Remote Field Stations during Operation CASTLE", dated Feb. 8, 
/ 


‘ 


1S, 
6) “Tining”, a renorandun sugresting terminology fcr reporting 
the tine of arrival of pulses at all stations, dated feb, 9, 1964, 
d) “Proposed Schedule for Recording Peak Field Strength Yalues 
fron Stations HSS, NPM, and GBR during Operation CASTLE", dated Feb, 9, 1954, 
¢) Suggested log sheets and additional menoranda were propared 
as needed in order to keep the various stations inforued of the overall 
prozross,eto, 
(2) | Aatiaates of field strengths at remote atations were made and 
alatributed to the participating stations before each events 
(3) At suitable olose-in® (330 ka or leas) 8 
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Bikini Atolls, measuremente were performed. to}, 


‘determine the tuk shape of the entire eleotronagietis peiene, t 


b)\ relate the pulee amplitudes to field strength values, fp fe) 
i) ‘determine the relationship between eleotronapietio pulses aod 


bomb phenouesotoey oid 


d to determine the time of arrival of the eleotrammetio pulses 


which are alee at the time of an atastia detonation, 
(4) /hatag both broad-band and narrow-band recording equipment, measure= 


TN tn NE ee i ee 


nents were aade at Guam Haut, T. Fes Boulder, Coloredos Pt. Barron, i 
Alasins Ft, Belvoir, Va. near Washington, 0, C.3 and Stanford, University, 
at Palo Alto, California tof 

sal Lue 

s) determine the true shape of the entire electramemetio pulses 
as caeasg at each station, Se 

» rolate amplitudes to field strength valuss, ner A 


9 ‘determine time of pulse arrival related to world tine, oo, 

(5) vt all the locations, aenbiened-abeves records of field strengths 

received from low-frequency broadessting stations end distant atncspherios 

are to be nade to aseist in determining propagation attenuation as @ fine- 
tion of time and distance, 


a 
Close=in Measurements 
Meaeuremests rere uade using broad-band equipment at a distance of 
adcut 330 loa from ground sero to determine the true pulse shape before 
veing altered saterially by the effecte of propagation, A six-foot vert- 


foal antenna wap used to receive the vertically polarized electromagnetic 


pulse, and w suitable broad-band cathode follower uni 
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uate the alignal and to distribute it to several : 0g 
at different eweep rates and sensitivities, 

Add {tional equipaent was used to determine the tine of arrival of the 
Gleotronagnetio pulse, Also, an experiment was carried out using a long 
wire antenna and an Ampex tape recorder, in an attempt to reoord any pulses 
osourring milliseconds op seconds after shot tine. 

Sanple records from RUMEO and XOCS are given in thia report. The 
logend with each figure gives the nexe of the event, the propagation dis~ 
tance in Kilometers, the sweep rate in useo/om along the x-axis, and the 
seusitivity in volts/meter/om aloag the yeaxie, The plus and minus signs 
om each figure indicate the polarity of the electric veotor; a minus sign 
represents a downward eleotrio veator and a plue Bign en upward ons, A 
prewamplifier, which reverses the polarity of signals, was used to record 
the wave _foraa shown in Figures 2, 4, 7, and 8 ML of the initial half- 
oyoles observed at the olose-in stations during CASTLE are negative; this 
fact was also observed during UPSHOT~KNOTHOLE, 

- Figure 1 1a a ROURO waveform consisting of a ground wave pulse and 
® pulse that was reflected from an Lonospherio layer height of about 92 la, 
The peak asplitude of the pulse received along the sizface of the earth 
wha about 22 volte/meter, and the peak amplitude of the pulse received 
after refleotion from the Lonosphere was about 12 volta/meter, Hence, the 
fonospherio refleation ooefriaient for this acde is about 0,8, 
The pulse, which is refleoted Crom the lonosphere, ia suioh smocther 


than the ground wave pulse, indicating @ loss of high-frequency energy 


in the ionosphere, 
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The total attenuation of the surface wave over 330 la of sem water 
(7 = 4x orh oma, and€® 80) is within $ db of the inverse distance 
attemuation value at frequencies up to approximately 1.0 lo, Using this 
inverse distance relationship, the field strength 20 km fram ground sere 
vould be of the order of 360 volte/seter. 

Another ROUEO pulse, recorded using a sweep speed of 10 usec/om, ia 


show in Figure 2. The pre-azplifier mus used in recording thie partioular 
OsD pulses therefore, the first half-cyele, which appears as an upward osoillo- 


Section 6.2 (a) 
DOE 


scope deflection, corresponds to a dowaward eleotrio yveator, 


Seutian.L@) 
Superimposed on this half-oyele are 
three oyoles having a frequency near 80 ke. 

Figure 3 shows the first 16 useo of the waveform in greater detail 
than either of the preceding Ciguree, 

A train of pulses recorded from ROLZO is shom in Figure 4. The 
first pulse, which overloaded the recording equipment, ie about 166 usec 
long. The succeeding pulses, in order of arrival, are the firat, second, 
third, fourth, and fifth hop sky-wave modes, all of which were reflected 

OsD from an ionospheric layer height of about 94 kas, 
Section 6.2 (a) Figure & ie « pulse from KOOM comparable to the ROMEO pulee in Fig- 
DOE. 
Sector? (a) Using the firet half cycles 


of Figures 1 and 6 as an indication of the fundamental trequency, it 1s 
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found that for ROMZO the Crequeney is about 11 ke and for KCOW it is 
about 45 ke, 

Ia Fisure 6 it can be seen that the peak amplitude of the ground 
wave pulse is about 13 volts/meter, and the curresponding value for the 
pulse reflected fron the Lonosphere is about 6 volts/neter, The fonos- 
pherio reflection coefficient for this particular mode is about o, 5, 
Fisure &§ reveals the extent to which the character of the original 
pulse was preserved after fonoaphoric reflection. For comparison with 
the ROO pulse, soe Fisure 1, . 

The early detat] associated with the atomic detonu ion ts shorm in 
Figura 7, which wre reoordad using a awuep spoed of 12,8 useo/om, 

A train of pulses consisting of the ground wave -ulse followed by 
others reflected fram the ionosphere is shom in Figure 8. The inddvid- 
ual rerlections ere not as easily distinsuished as those in Figure 4, 
the. corresponding ROZO presentation. 

In Fizure 9 @ sweep rate of 1 useo/om and hich gain ere used to 


disclose the initial portiona of the pulse, 


Distant’ Measurements 

A eet of ROEO pulses is shown in Firures 10 through 15 as received 
at Quen, Maud, Stanford, Barrow, Boulder, and itashinzton, The length 
AS well a@ the amplitude of the pulese are ralated to the propagation 
distance, and these facta vere used at eas: atation to asaist in locating 
the desired pulse on the film records. 

A value of Cield strengh expected to ve recorded at each atation 


wae iesued in advance of each shot, The estimates of field strength 


Se ahh at Ae RARER, ee Ata = = = 


Oe ee pth ty sammie ms 5 
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for BRAVO were based upon the predicted value of boad yield r= 
mation gained during IVY relating field atrength and distance from a 
megaton weapon, Fortunately, all CRPL stations except one recorded 
the BRAVO pulse, Using these rosults, it wes deterained that the field 
strength attenuation beyond 4000 ku varied as the inverse square root 
of the distance and an additional propagation lose at the rate of about 
2 or 3 db per 1000 ka. 
The ROMEO yiold was ostimated, as show, to be 12 nmegatons, vsing 
the values of fleld etrongth recorded at Maud fras ROMEO and BRAVO and a 
yiold of 14 megatons for BRAVO. Since all the events took place at the 
sone time relative to sunrise, the propagation attenuation was considered 
to be the sane for all events, . 
log Y,= FR log Y, 
rR" — B 


Ey 
Yp = ROWS yield 


Yg 2 BRAVO yield 

By ® ROMEO peak field strength 

3, = BRAVO peak fleld strength 

The maximum center to peak values of field atrength recorded at the 

CRPL stations during CASTLE, which are available at the present time, are 
plotted against distance in Figure 17, The first lettor of the name of 
each event is placed near the appropriate value éf field strength, The 
attenuation rates between atations for the different events are Appr oxe= 
ixately the sane, with the exception of Barrow, Alasia, At thia time it 


is not known why the veluos of fleld strength recorded at Guam are as low 


aa thay are, 


ne 
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In Figure 16 is show a wave~forn reserded froa XK at Guam, a 
distunce of 2200 ka, The delay tines between successive pulses suggest 
that these individual pulass wore roflected fraa an dondsphoric layer 
haight of about 90 kon. §=The waveeform consiate of part of the ground ‘ware 
pulse, followed by the ftrat, aooond, third, fourth, and fifth hop sky-rave 
modes. It 1a of interest to note the high frequency detail present at 
this distence, Figure 1C is a pulse racorded frax ROMEO at Guan, and it 
is shom for comparison with figure 16. A reasonable intrepretation of 
Figure 10 may also be made aasuning the ionospheric leyer height of 90 kn. 
This chodoe ie mainly based upon the recognizable time deley of 84 usae 
which 1s the calouleted delay between tha first and second hop sky-ware 
modes, The succeeding rzflections due to the third, fourth, end fifth 
hope ore not olearly seperated as in Figure 16, The first half-oycole 
sean in Figure 16 is taken to be part of the Ground wave pulse, The one= 
hop pulse received from KCOM at Guam de eimtler to the first-hop sky- 
wave pulga seen in Figure 6 which wae recorded at 330 Jay it contains 
components at much higher frequencies than the pulses received at Guan 
from ROMEO. Tha ratios of peak amplitudes of the ground wave pulses to 
the peak amplitudes of the first-hop sky~wave pulses sugrest that the 
fonospherilo reflection coefficient for KCC was approximately trice the 
value for 2GKEO, 

In Figure 18, preliminary times reported by exch atation for the 
first five ovents are tabuleted. fatter acreement between the ralues of 


tr, (detonation time) aay be achieved after more acourately caloulating 


Tp (propagation delay time for the pulae) and T, (propagation delay tine 
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for the wikV or WVH seocnds pulses). 
The relatively low value of fleld divenath recorded at Barrow for 
ROMO may be found to de related to a disturbance of the earth's mametic 
field whioh existed on that day. The attenuation of field strength in 
b/L000 Soa from Naud to Barrow is about $ db for BRAVO and 6 db for ROUKO, 
The Parrow, Alaska magnetic K figures for the three hour pertod contain= 


ig the BRAYO and ROMEO detonation tines are reapeotively 2 and 6&, 


Ae Ng IL a ae te ie 
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Fig. 10 


ROMEO 

em, 2200 kas path 
Sweep rate 100 usao/om 
Sensitivity ly/a/on 


Fig. 1 


ROMEO 

Maud, 4200 sos path 
Sweep rate 68 usec/ou 
Sensitivity 0.98 y/n/om 


Figs 12 
ROWED 
Stanford, 7400 fox path 


Sweep rate 125 ussc/om 
‘Sonsitivity 0,280 y/n/on 


—. & 


A ELT Eira, 
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Fig. 13 


ROHEO 
Not available Barrow, 6800 ica path 


Fig. 14 


ROMEO 

Boulder, 9S00 kaa path 
Sweep rate 100 usec/om 
Sensitivity .164 v/a/om 


Fig. 145 


ROHEO 

Wash, Dy 0,, 11,100 im 

Sweep rate 100 useo/om 
Sensitivity .035 v/m/om : 


“ 
, 


Tota. 
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Koos 

Quam, 2200 _ path _ 
Sweep rate ws 89 
Sensitivity .25 v/n/om 
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Figure 18 Prelisinary tinss (Gat) reported 
Live events. 
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We have reviewed the enclosed document in consultation with the Department of Energy 
(DOE) and have declassified it in part. OSD and DOE excised information is exempt from 
declassification under Executive Order 13526, section 6,2(a). Section 6.2(a) protects 
“Restricted Data” and “Formerly Restricted Data” information in conformity with the provisions 
of the Atomic Energy Act of 1954, as amended, and regulations issued under that Act. 


OSD stands as the appellate authority and will coordinate any appeals regarding this case. 
A written appeal must be filed within 60 days explaining the rationale for reversal of the 
decision. Reference should be made to OSD MDR Case 12-M-1572. Letters of appeal should 
be sent to the following address: 


WHS/ESD Records and Declassification Division 
Attention: Robert Storer 

4800 Mark Center Drive 

Suite 02F09-02 

Alexandria, VA 22350-3100 


If you have any questions, contact me by e-mail at Records.Declassification@whs.mil or by 
phone at 571-372-0483. 
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Robert Storer 

Chief, Records and Declassification Division 
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